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Abstract 
This research aimed to study concepts of nature of science (NOS) and attitudes toward teaching NOS. The 
participants were the first year master degree students in science education program who enrolled in 232711 history 
and philosophy in science, academic year of 2010. The intervention provides the explicit NOS instruction to draw 
the key aspect of the NOS through discussion and written work following engagement in hands-on activities based 
on inquiry cycle (5Es). The intervention include eight lesson plan (16 hours) The 1st – 7th lesson plan allowed 
students to learn science based on inquiry cycle (5Es) with reflected the learning activity they done to clarify the 
issues related to the nature of science. The 8th lesson plan, the activity of puzzling box allowed student teachers to 
come explicitly up with the nature of science. Participants’ concept of NOS and attitudes toward teaching was 
examined through adapted version of VOSE questionnaire after the invention. The findings revealed that in-service 
teachers perceived some issues of NOS concept and held positive attitude toward some issues of teaching NOS.  
1. Introduction 
Research indicates that science teachers must understand the nature of science to teach it (Lederman, 1992). 
Several studies have reported results of attempts to teach about the nature of science to teachers (Abd-El-Khalick, 
Bell, & Lederman, 1998; Bell, Lederman, & Abd-El-Khalick, 2000; King, 1991; Pomeroy, 1993). In general, these 
studies show that it is difficult to teach science teachers to understand and implement nature of science instruction, 
possibly because the nature of science is often addressed apart from any real science context in science methods 
courses. Some of the more successful efforts in achieving nature of science outcomes have been the result of explicit 
instruction in which the teacher guides learners in examining specific aspects of the nature of science reflected in the 
science lesson. The explicit-reflective instruction approach (Khishfe & Abd-El-Khalick, 2002) provides students 
with a framework to analyze science activities for nature of science aspects and to reflect upon the similarities and 
differences between the classroom science experience and the experiences of practicing scientists. Based on the 
literature regarding explicit and contextual instruction, we hypothesized that elementary teachers could effectively 
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learn about the nature of science through explicit instruction presented in the context of a socioscientific issue. 
Therefore, we designed the instruction treatment in this study around the complex and controversial topic of global 
climate change. Explicit instruction refers to drawing the learner’s attention to key aspects of the NOS through 
discussions and written work following engagement in hands-on activities. Reflective NOS instruction requires 
learners to think about how their work illustrates the NOS and how their inquiries are similar to or different from the 
work of scientists.  
The course 232711 of KKU allowed us to provide the explicit NOS instruction. The 232711 course description 
aimed graduate students to understand “the meaning of science and technology; the philosophy of science; the 
relationship between philosophy of science and science; the evolution of philosophy ideas about the nature of 
science and the relationship between science, technology, society and environment”. The explicit NOS instruction in 
the course 232711 may allow the graduate students to draw the key aspect of the NOS through discussion and 
written work following engagement in hands-on activities based on inquiry cycle (5Es). 
Research question 
The graduate students who enrolled in 232711 have learn about the nature of science and technology through 
learning activities based on inquiry cycle (5Es). What do they hold concept about the nature of science and attitude 
toward teaching of nature of science?  
The Nature of Science 
The nature of science (NOS) is a complicated concept. It is difficult for experts to define as it is for students to 
learn. NOS involves a wide variety of topics related to the history, philosophy, and sociology of science. Many have 
claimed that no consensus exists among philosophers of science, science educators as to a precise definition or 
characterization of the nature of science. However, there is consensus on many aspects of the nature of science that 
are relevant to K-12 students (Bell et al., 2000; Kourany, 1998; Good et al., 2000; Lederman, 1999; Lederman & 
Abd-El-Khalick, 1998; Smith et al., 1997). These included the concepts that scientific knowledge is (a) tentative 
(subject to change); (b) empirically based (based on observations of the natural world); (c) subjective in that science 
is a human endeavor and investigations are conducted within the context of particular theoretical frameworks; (d) 
partly the product of inference, imagination, and creativity; (e) socially and culturally embedded (can be influenced 
by contextual factors outside of the scientific community); and (f) developed from a combination of observation and 
inferences.  
In order to evaluate both pre- and in-service teachers’ conceptions about NOS and attitude toward teaching NOS, 
Chen (2006a) drawn the consensus of NOS from previous research (e.g., Kourany, 1998; Good et al., 2000; 
Schwartz & Lederman, 2002) for developing the questionnaire about NOS. These focus on seven aspects of NOS 
including: (1) tentativeness of scientific knowledge; (2) nature of observation; (3) scientific methods; (4) 
hypotheses, laws, and theories; (5) imagination; (6) validation of scientific knowledge; and (7) objectivity and 
subjectivity in science.  
2. Methodology 
The purpose of this study was to assess the graduate students’ understanding about the nature of science and 
attitude toward teaching of nature of science. 
2.1. Participants 
Participants were the thirty two master degree students who enrolled the 232711 of KKU in academic year of 
2010. 
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2.2. The Course 
The course 232711 of KKU allowed us to provide the explicit NOS instruction. The 232711 course description 
aimed graduate students to understand “the meaning of science and technology; the philosophy of science; the 
relationship between philosophy of science and science; the evolution of philosophy ideas about the nature of 
science and the relationship between science, technology, society and environment”. The course 232711 provided 
the explicit NOS instruction through discussion and written work following engagement in hands-on activities based 
on inquiry cycle (5Es). The explicit NOS instruction in this course consists of 8 lesson plan (16 hours). The 1st – 7th 
lesson plan provided learning activities based on inquiry cycle (5Es). These activities include how heat transfer, the 
rock classifying, how we know the sound wave, how physics knowledge tell you about music and constructing 
music instruments, friction force and every life activities, amazing with static electric, and material and matter in 
everyday life. The science activities based on inquiry cycle (5Es) allowed students to learn science based on inquiry 
cycle (5Es) with reflected the learning activity they done to clarify the issues related to the nature of science. The 8th 
lesson plan provided activity of puzzling box. Five sides of the puzzling box have the alphabet and number. Only 
one side has nothing. Graduate students, therefore, have to find what should be for that side from conceptualization 
in class. The 8th lesson plan, the activity of puzzling box allowed student teachers to come explicitly up with the 
nature of science. After the course, participants completed the questionnaire that adapted from Chen (2006a)’s View 
on Science and Education (VOSE) Questionnaire in order to examine graduate students’ concept of NOS and 
attitudes toward teaching. 
2.3. View on Science and Education (VOSE) Questionnaire 
Chen (2006a) developed the view on science and education (VOSE) questionnaire.  The VOSE focus on the 
seven aspects of NOS as mentioned earlier. These aspects include (1) tentativeness of scientific knowledge; (2) 
nature of observation; (3) scientific methods; (4) hypotheses, laws, and theories; (5) imagination; (6) validation of 
scientific knowledge; and (7) objectivity and subjectivity in science. Evaluating both pre-/in-service teachers’ 
conceptions about NOS and their corresponding teaching attitudes is essential for NOS instruction to succeed. 
VOSE assesses both the subjects’ conceptions of NOS and attitudes toward teaching NOS. The VOSE questionnaire 
is therefore designed to assess both. In sum, VOSE contains three parts: views on what NOS is (actual), views on 
what NOS ought to be (ought), and views on science education closely linked to NOS. Each question of VOSE is 
followed by several items that represent different philosophical positions. Participants are instructed to read all items 
of a question before ranking each on five-point scale.  
Quality of the instruments (VOSE). The VOSE yields reliable results because the items originated from the 
respondents’ viewpoints instead of experts’ presumptions of reasonable responses. The test-retest reliability also is 
high – correlation coefficient, 0.82. the Cronbach’s alphas of all issues of NOS in VOSE ranged from 0.34 to 0.81 
(see the table in Chen (2006a)) and were used to verify the appropriateness of discarding some items in the pilot test, 
but not a main criterion for reliability.  For validity, the content and interpretation of the items were validated by two 
panels of experts, each consisting of six experts (Chen, 2006b) 
2.4. Data collection and analysis 
Graduate students’ concept of NOS and attitudes toward teaching was examined through adapted version VOSE 
after the invention. The frequencies and mean rate of choices in each item of adapted version VOSE will be 
computed to indicate their philosophical positions in concepts of NOS and attitudes toward teaching. The theoretical 
framework for categories of philosophical positions in the NOS issues and attitude toward teaching NOS was 
provided in the Table 1 and 2’ s Chen (2006a); respectively.  
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Table 1. NOS Issues, Philosophical Positions, and Item Number Tested by VOSE (adapted from Chen, 2006a) 
 
Issue Position Itema 
Tentativeness Revolutionary 





Nature of observations Theory laden  
Theory independent 
8A, 8B, 8E 
8C, 8D 
Scientific methods The universal scientific method b 
Diverse methods 
9A, 9B, 9F 
9C, 9D, 9E 
Theories and laws Epistemology  
 Discovered b 5A, 5B (Theory) 6A, 6B (Law) 
 Invented 5D, 5E, 5F (Theory) 6D, 6E (Law) 
 Discovered or invented 5C (Theory) 6C (Law) 
 Comparison  
 Laws being more certain b 7A, 7B 
 Different types of ideas 7C, 7D 
Use of imagination Yes 3A, 3B 
 No b 3C, 3D, 3E 












Subjectivity and objectivity Subjectivity   
 Parsimony  1D (Actual) 
 Authority 1E (Actual) 
 Paradigm 1C, 1F, 8Ad, 8B (Actual) 
 Personal factors 1G,8Ad (Actual)  
 Sociocultural influence 2A, 2B (Actual)  
 Imagination 3A, 3B (Actual) 
 Methodology 9D (Actual) 
 Neutral 1B (Actual) 
       Objectivity  
 No influence of socioculture 2C, 2D (Actual)  
 Use no imagination 3C, 3E (Actual) 
 Based on experimental facts 5B, 6B, 8D (Actual) 
 No influence of personal beliefs 8C (Actual)  
 Methodology 8E, 9A, 9B (Actual) 
 Overall 1A, 1H (Actual)  
 
Table 2. Attitudes Toward Teaching the NOS Issues Tested by VOSE (adapted from Chen, 2006a) 
 
Issue Attitude Itema 
Tentativeness Teaching the tentativeness of scientific knowledge 12A, 12B 
 Avoid teaching the tentativeness of scientific knowledge 12C, 12D, 12E 
Nature of observations Training students to make objective observationsb 11A, 11B, 11C 
 Revealing the theory-laden nature of observations 11D, 11E 
Scientific methods Teaching the universal scientific methodb 10A, 10B, 10C, 10D, 10E, 10F 
 Encouraging different methods 10G, 10H, 10I 
Theories and laws Teaching the relationship between theories and laws 13A, 13B 
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3. Findings and discussion 
Concepts of NOS and attitudes toward teaching NOS were examined through the VOSE questionnaire. Then, the 
section will clarify (1) conceptions of NOS; and (2) attitudes toward teaching NOS. 
3.1.  Graduate students’ conceptions of NOS 
This study focus on conceptions of NOS into 7 issues of NOS including tentativeness, nature of observations, 
theories and laws, use of imagination, validation of scientific knowledge, and subjectivity and objectivity. The 
VOSE revealed participants’ philosophical positions in each NOS issues. 
3.1.1 Graduate students’ philosophical positions in issue of tentativeness. The tentativeness of scientific 
knowledge could be viewed as changing in at least two forms – Popper, 1975/1998) or revolutionary (Kuhn, 1970). 
The Table 6 in Appendix revealed that most of graduate students perceived tentativeness of scientific knowledge. 
The majority of graduate students (50 percents) took the position of revolutionary for the issue of tentativeness. 
And, other half of them seemed to perceive also the issue of tentativeness of scientific knowledge. It could be seen 
as approximately 28 percent of graduate students took the position of scientific advances cannot be made in a short 
time. It is through a cumulative process; therefore, the old theory is preserved. And, approximately 22 percents of 
participants share their view in position of scientific advances cannot be made in a short time. For example, they 
gave opinion that “old theories could be changed, if we have new accurate data”, “new instruments may allow 
scientists to find new knowledge”, and so on. 
3.1.2 Graduate students’ philosophical positions in nature of observation issue. Observations are theory laden. 
Therefore, observations may be affected by the observers’ anticipation and preconceptions. It indicated that most of 
graduate student positioned theory laden for nature of observation issue. Table 10 in Appendix revealed that the 
majority of participants selected choice 8A (approximately 56 percents). However, it seemed that numbers of 
participants also took the philosophical position of theory independent for observation issue. There were 
approximately 31 percents of participants selecting the item 8D.  
3.1.3 Graduate students’ philosophical positions in issue of scientific method. NOS indicated that there is no 
universal scientific method. In fact, scientists apply various methods in doing research. Unfortunately, graduate 
students seemed to hold the position of the universal scientific method. Table 11 in the Appendix revealed that the 
majority of participants selected the items representing position of the universal scientific method. These include 
items of 9A (approximately 50 percents), and 9B (approximately 13 percents). However, numbers of participants 
also took the position of diverse methods (item of 9C; approximately 25 percents and 9E, approximately 13 
percents) for the NOS issue of scientific method  
3.1.4 Graduate students’ philosophical positions in issue of theories and laws. A law is used to express what has 
been observed and to predict what has not yet been observed. Theory is defined as an explanation of phenomena and 
associated laws (Chen, 2006a; McComas, 1996).  
Consider the epistemology of theories and laws, broadly perceived that theories and laws were created by 
scientists to interpret and describe phenomena. Table 7 in the Appendix revealed that number of Graduate students’ 
selected the 5C (34.4%) and 5D (34.4%). This seemed that majority of them perceived that theories were created by 
scientists. However, it was quite confused, the Table 8 showed that there were number of graduate students 
positioning epistemology of laws both in the discovered (6A; 50% and 6B; 18.8% ). Few of participants positioned 
who selected 6C and 6D that indicated that theories and laws were discovered or invented. This suggested that their 
position about epistemology of theories and laws were confused in position of the invented or discovered theories 
and laws. 
Comparison between theories and laws, they are two different types of knowledge. They both have substantial 
supporting evidence, and one does not become the other. The Table 9 showed that there were not many graduate 
students positioned that theories and laws could not be compared because of the different types of ideas (7D; 
15.6%). Majority of them (68.8%) positioned laws as being more certain (7B).  
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3.1.5 Graduate students’ philosophical positions in use of imagination issue. Scientists use imagination, along 
with logic and prior knowledge, to generate new scientific knowledge. Imagination and creativity are often 
presented together in documents of science education reforms. The Table 5 showed that the majority of graduate 
students (3B; 40.6%, and 3A; 18.8%) viewed scientists’ using of imagination.  
3.1.6 Graduate students’ philosophical positions in issue of validation of scientific knowledge. This issue reflects 
that how a theory is accepted by the science community. The Table 3 revealed that the majority of participants 
positioned validation of scientific knowledge based on empirical evidence (1H; 40.6% and 1A; 28.1%). However, a 
theory is not only evaluated based on empirical results but also science community’s choosing through the 
conference. The norm of the paradigm about scientific worldview, therefore, also may influence the science 
community’s judgment of competing theories. Surprisingly, none of participants selected item of 1C and 1F where 
positioned scientific paradigm as position of validation of scientific knowledge.  
3.1.7 Graduate students’ philosophical positions in issue of objectivity and subjectivity in science. Scientific 
knowledge was constructed from both in objectivity and subjectivity process of constructing meaning.  
Science may be influenced from scientists’ beliefs, values, judgment, creativity, opportunity, and psychology 
which situated by society, culture, and discipline that they are embedded. Subjectivity of scientific knowledge may 
be reflected in scientists’ observations, interpretations, use of imagination, and theory choice. The VOSE allowed us 
to categorize different NOS positions of subjectivity in science including parsimony, authority, paradigm, personal 
factors, sociocultural influence, imagination, methodology, and neutral. However, the findings revealed that most of 
graduate students perceived scientific subjectivity in position of paradigm (item 8A – influence of observation), 
sociocultural influence (item 2A and 2B), neutral (item 1B – different perspectives of two theories’ explanation), 
and imagination (item 3A and 3B – applying imagination in science) 
Scientific knowledge is empirically based. Scientists try to be open-minded and apply mechanisms such as peer 
review and data triangulation to improve objectivity. The VOSE allowed us to categorize different NOS positions of 
objectivity in science including no influence of socioculture, use no imagination, based on experimental facts, no 
influence of personal beliefs, methodology, and overall. . However, the findings revealed that most of graduate 
students perceived scientific objectivity in position of methodology (item 9A – universal scientific method), and 
over all (item 1H – existing one truth about science) 
3.2.  Graduate students’ attitudes toward teaching NOS 
3.2.1 Graduate students’ attitudes toward teaching NOS in the issue of tentativeness. The Table 14 revealed that 
there were majority of graduate students held attitude toward both teaching the tentativeness of scientific knowledge 
(12B; 78.1% and 12A; 18.8). 
3.2.2 Graduate students’ attitude toward teaching NOS in the nature of observations issue. It indicated that they 
aware of observations as theory laden. The Table 13 showed that the majority of graduate students held attitude 
toward revealing the theory-laden nature of observations (11D; 31.2% and 11E; 50.0%). 
3.2.3 Graduate students’ attitude teaching NOS in issue of scientific methods. The Table 12 showed there were 
number of them selected the item 10A and 10C. Number of them perceived that science teaching should provide 
aspects of what scientists do. However, it seems that they held attitude toward teaching the universal scientific 
method (item 10A – F) rather than encouraging different methods (10G –I).  
3.2.4 Graduate students’ attitude toward teaching NOS in issue of theories and laws. It indicated that they aware 
of science teaching regarding to different kinds of scientific knowledge. The table 15 showed that majority of them 
agreed to teach the relationship between hypothesis, theory, and law (item 13A; 21.9% and 13B; 71.9%).  
4. Conclusion 
The studying graduate students’ understanding about the nature of science suggested that the explicit NOS 
instruction in the course 232711 allowed graduate students had chance to think about NOS from their learning 
activities. It seemed that they had difficulty to conceptualize the overview of NOS. However, they perceived the key 
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features of the nature of science. They had positive attitudes toward teaching NOS in aspects of tentativeness of 
scientific knowledge and relationship of different kinds of scientific knowledge. But, they had negative attitude 
toward teaching NOS in aspect of scientific methods.  The graduate students would have chance to study or research 
further about the nature of science. 
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Appendix 
Participants’ position in View on Science and Education (VOSE) 
Table 3 Responses of question 1 
1. When two different theories arise to explain the same phenomenon (e.g., fossil of dinosaurs) will 
scientists accept the two theories at the same time? 
Percents of frequency 
(N=32) 
A. Yes, because scientists still cannot objectively tell which one is better; therefore, they will accept both 
tentatively. 28.1 
B. Yes, because the two theories may provide explanations from different perspectives, there is no right 
or wrong. 18.8 
C. No, because scientists tend to accept the theory they are more familiar with. 0.0 
D. No, because scientists tend to accept the simpler theories and avoid complex theories. 0.0 
E. No, the academic status of each theory proposer with influence scientists’ acceptance of the theory 0.0 
F. No, scientists tend to accept new theories which deviate less from the contemporary core scientific 
theory. 
0.0 
G. No, scientists use intuition to make judgements. 0.0 
H. No, because there is only one truth, scientists will not accept any theory before distinguishing which 
is best. 40.6 
I. None of these choices fits my basic viewpoint.  My view is _______ 12.5 
 
Table 4 Responses of question 2 
2. Scientific investigation are influenced by socio-cultural values (e.g., current trends, values). Percents of frequency 
(N=32) 
A. Yes, socio-cultural values influence the direction and topics of scientific investigations. 43.8 
B. Yes, because scientists participating in scientific investigations are influenced by socio-cultural 
values. 28.1 
C. No, scientists with good training will remain value-free when carrying out research. 12.5 
D. No, because science requires objectivity, which is contrary to the subjective socio-cultural values. 12.5 
E. None of these choices fits my basic viewpoint.  My view is _______ 3.1 
 
Table 5 Responses of question 3 
3. When scientists are conducting scientific research, will they use their imagination? Percents of frequency 
(N=32) 
A. Yes, imagination is the main source of innovation 18.8 
B. Yes, scientists use their imagination more or less in scientific research. 40.6 
C. No, imagination is not consistent with the logical principles of science. 21.9 
D. No, imagination may become a means for a scientist to prove his point at all costs. 3.1 
E. No, imagination lacks reliability. 0.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 15.6 
 
Table 6 Responses of question 4 
4. Even if the scientific investigations are carried out correctly, the theory proposed can still be disproved in 
the future. 
Percents of frequency 
(N=32) 
A. Scientific research will face revolutionary change, and the old theory will be replaced. 50.0 
B. Scientific advances cannot be made in a short time. It is through a cumulative process; therefore, the 
old theory is preserved. 28.1 
C. With the accumulation of research data and information, the theory will evolve more accurately and 
completely, not being disproved. 0.0 
D. None of these choices fits my basic viewpoint.  My view is _______ 21.9 
 
Table 7 Responses of question 5 
5. Is scientific theory (e.g., natural selection, atomic theory) ‘”discovered” or “invented” by scientists from 
the natural? 
Percents of frequency 
(N=32) 
A. Discovered, because the idea was there all the time to be uncovered. 9.4 
B. Discovered, because it is based on experimental facts. 12.5 
C. Some scientists discover a theory accidentally, but other scientists may invent a theory from their 
known facts. 34.4 
D. Invented, because a theory is an interpretation of experimental facts, and experimental facts are 
discovered by scientists. 34.4 
E. Invented, because a theory is created or worked out by scientists. 3.1 
F. Invented, because a theory can be disproved. 3.1 
G. None of these choices fits my basic viewpoint.  My view is _______ 3.1 
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Table 8 Responses of question 6 
6. Is scientific law (e.g. gravitational law) “discovered” or “invented” by scientists from the natural world? Percents of frequency 
(N=32) 
A. Discovered, because scientific law are out there in nature, and scientists just have to find them. 50.0 
B. Discovered, because scientific laws are based on experimental facts. 18.8 
C. Some scientists discover a law accidentally, but other scientists may invent a law from their known 
facts. 15.6 
D. Invented, because scientists invent scientific laws to interpret discovered experimental facts. 15.6 
E. Invented, since there are no absolute in nature, therefore, the law is invented by scientists. 0.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
 
Table 9  Responses of question 7 
7. In comparison to laws, theories have less evidence to support them. Percents of frequency 
(N=32) 
A. Yes, theories are not as definite as laws. 3.1 
B. Yes, if a theory stands up to many tests it will eventually become a law, therefore, a law has more 
supporting evidence. 68.8 
C. Not quite, some theories have more supporting evidence than some laws. 9.4 
D. No, theories and laws are different types of ideas. They cannot be compared. 15.6 
E. None of these choices fits my basic viewpoint.  My view is _______ 3.1 
 
Table 10  Responses of question 8 
8. Scientists’ observations are influenced by personal beliefs (e.g., personal experiences, presumptions); 
therefore, they may not make the same observations for the same experiment. 
Percents of frequency 
(N=32) 
A. Observations will be different, because different beliefs lead to different expectations influencing the 
observation. 56.2 
B. Observations will be the same, because the scientists trained in the same field hold similar ideas. 3.1 
C. Observations will be the same, because through scientific training scientists can abandon personal 
values to conduct objective observations. 0.0 
D. Observations will be the same, because observations are exactly what we see and nothing more. Facts 
are facts. Interpretations may be different from one person to another, but observations should be the 
same.  
31.2 
E. Observations will be the same. Although subjectivity cannot be completely avoided in observation, 
scientists use different methods to verify the results and improve objectivity. 6.2 
F. None of these choices fits my basic viewpoint.  My view is _______ 3.1 
 
Table 11 Responses of question 9 
9. Most scientists follow the universal scientific method, step-by-step, to do their research (i.e., state a 
hypothesis, design an experiment, collect data, and draw conclusions). 
Percents of frequency 
(N=32) 
A. the scientific method ensures valid, clear, logical and accurate results. Thus, most scientists follow 
the universal method in research. 50.0 
B. Most scientists use the scientific method because it is a logical procedure.  12.5 
C. The scientific method is useful in most instances, but it does not ensure results; therefore, scientists 
invent new methods. 25.0 
D. There is no so-called the scientific method. Scientists use any methods to obtain results. 0.0 
E. There is no fixed scientific method; scientific knowledge could be accidentally discovered. 12.5 
F. No matter how the results are obtained, scientists use the scientific method to verify it. 0.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
 
Table 12 Responses of question 10 
10. Students in junior and senior high schools should learn the procedure of the scientific method. Percents of frequency 
(N=32) 
A. Yes, so the students have guideline to work within. 28.1 
B. Yes, because the students are still incapable of coming up with more developed so fair. 3.1 
C. Yes, they should learn what scientists do. 37.5 
D. Yes, because the scientific method is the best method that scientists have developed so far. 6.2 
E. Yes, it helps the students to learn an objective way of studying science. 9.4 
F. Yes, it could help the students to understand the essence of science. 3.1 
G. No, we should not only teach one scientific method. Students should be given space to think and 
develop their own methods. 9.4 
H. No, there is no so-called the scientific method 3.1 
I. No, the teachers and the students should brainstorm different research methods together. 0.0 
J. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
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Table 13 Responses of question 11 
11.  In junior and senior high should sciences classes, when students are observing the same event, the 
teacher should expect the students to come up with the same findings. 
Percents of frequency 
(N=32) 
A. Yes, the teacher should advise students to carry out objective observations to get identical findings. 6.2 
B. Yes, if the students are careful enough, they should arrive at the same findings. 0.0 
C.  Yes, experimental facts will not differ with the person, thus no matter who makes the observation, 
the result will always be the same.    12.5 
D. No, the observation will affected by the students’ preconceptions. 31.2 
E. No, the teacher should discuss with the students how observation can be affected by preconceptions. 50.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
 
Table 14 Responses of question 12 
12. Students should understand that scientific knowledge may change.  
 
Percents of frequency  
(N=32) 
A. Yes, so they realize the real nature of science. 18.8 
B. Yes, so they realize the reason why science advances. 78.1 
C. No it will decrease the students’ interest in learning science. 0.0 
D. No, it will decrease the students’ acceptance of science. 3.1 
E. No, the students only need to learn about the constant fundamentals of scientific knowledge. 0.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
 
Table 15 Responses of question 13 
13. The science course in high school should investigate the definitions of and the relationships between 
hypothesis, theory, and law. 
Percents of frequency 
(N=32) 
A. Yes, because they represent the structure of scientific knowledge. 21.9 
B. Yes, because they are the fundamentals of scientific inquiry. 71.9 
C. No, knowing the definition of and relationships between these terms does not help much in 
learning scientific knowledge. 6.2 
D. No, because hypothesis, theory, and law lack definite meaning. 0.0 
F. None of these choices fits my basic viewpoint.  My view is _______ 0.0 
 
 
